Hypostomus is a group of fish with numerical and structural karyotypic variability. Among them, only six species, three of which belong to the Amazon basin, show a sex chromosome. In this study, we present the karyotype structure of Hypostomus cf. plecostomus from the Teles Pires river basin in the municipality of Alta Floresta, MT. The species has 2n = 68 and the karyotype formula 14m+ 24sm+ 14st+ 16a [fundamental number (FN) = 120] in males and 15m+ L.C. Oliveira et al.
INTRODUCTION
Siluriformes fishes comprise the most diverse and widely distributed group in the Neotropical region, with most species found in the Brazilian Amazon. Loricariidae is the family with the largest number of representatives of this order, which is popularly known as plecos or catfish. The genus Hypostomus is considered one of the most taxonomically complex of Neotropical ichthyofauna, which currently comprises 130 valid species (Zawadzki et al., 2014) showing great diversity in the morphology and color pattern and thereby making identification of certain species difficult .
Early cytogenetic studies in Hypostomus revealed great diversity in number, chromosome morphology and variability in the pattern of distribution of constitutive heterochromatin, characterizing the genus as a group with divergent chromosomal evolution (Artoni and Bertollo, 2001) . With the expansion of karyotypic data from this genus, its diversity has been further confirmed by different authors (Alves et al., 2006; Cereali et al., 2008; Rubert et al, 2011; Bueno et al., 2012 Bueno et al., , 2013 . In addition, hypotheses of phylogenetic relationships of the genus Hypostomus, based on taxonomic and molecular analysis (from mitochondrial DNA sequences) allowed some groupings with in this genus (Montoya-Burgos, 2003) . However, the phylogeny of this genus is still far from resolved, but the cytogenetic data reported to date for 47 species have prompted discussions on phylogeny and biogeography of Hypostomus (Bueno et al., 2013) .
Only 5.9% of the fish species studied in the Neotropics have been found to have sex chromosomes. Different systems of sex chromosomes found in Neotropical fishes have been recorded involving simples systems such as XX/XY, XX/X0, and ZZ/ZW and multiple systems including X 1 X 1 X 2 X 2 /X 1 X 2 Y, XX/XY 1 Y 2 , ZZ/ZW 1 W 2 , and Z 1 Z 1 Z 2 Z 2 /Z 1 Z 2 W 1 W 2 (Oliveira et al., 2009) . Among the loricariids, some simple and multiple systems are represented among species of the subfamilies Hypoptopomatinae, Loricariinae and Hypostominae. Specifically in the Hypostomus genus XX/XY system were recorded in Hypostomus ancistroides and H. macrops (Michele et al., 1977) and ZZ/ZW in Hypostomus sp. G (Artoni et al., 1998 , Maurutto, 2010 .
The Amazon Basin is well known for its rich fish fauna formed by a variety of water bodies from large rivers to small streams and lakes, which constitute one of the densest water net works in existence (Buckup et al., 2007) . The southern Amazon encompasses part of the northern region of the state of Mato Grosso, where is the Teles Pires River, a major river in the Amazon Basin, which supplies the city of Alta Floresta, MT (Ferreira, 1997) .
Although Mato Grosso consists of a wide variety of ecosystems, research in the state is concentrated mainly in the region of Cuiabá and the larger rivers that make up the Pantanal. There is also a preference for studies on large fish, primarily for economic purposes such as fish farming and angling, thereby most of the work is carried out in large rivers where most of these species are found. As for the ichthyic fauna of small streams, which are represented mainly by small fish, the data about the wildlife are still scarce (Camargo et al., 2005) .
Knowledge of the cytogenetics of the genus Hypostomus in the Amazon Basin is very limited. Additionally, species of this genus are difficult to identify. The Suriname River basin is the type-locality of H. plecostomus (Linnaeus, 1958) ; however, this species is also cited for low rivers of Guiana (French Guiana, Guiana, and Suriname) (Weber et al., 2012) . In the Amazon basin, various forms have been identified as "Group H. plecostomus''. They are found in several rivers and encompass large to small individuals with more or less keel-shaped forms identified as H. plecostomus, H. cf. plecostomus, H. aff. plecostomus, or just Hypostomus sp., demonstrating the complexity of this group.
Given the lack of cytogenetic studies on the species from southern Amazon, and particularly the species H. plecostomus, this study aimed to characterize chromosomes in individuals identified as H. cf. plecostomus using classical and molecular cytogenetic methodologies, thus providing new insights to the taxonomy and biogeography of this species.
MATERIAL AND METHODS
Cytogenetic analysis was performed for 18 specimens (4 males and 14 females) of Hypostomus cf. plecostomus collected from the stream Severo (9°54ꞌ30.82ꞌꞌS/56°03ꞌ33.86ꞌꞌW), a tributary of the Teles Pires River draining into the Amazon Basin region of Alta Floresta in Mato Grosso. The license to fish (No. 31423-1) was obtained from the Ministério do Meio Ambiente (MMA)/Instituto Chico Mendes de Conservação da Biodiversidade (ICMBio)/Sistema de Autorização e Informação em Biodiversidade (SISBIO). Eleven specimens were collected on October 8, 2011, with a body length of 73.09 to 118.0 mm SL, and they were deposited in the collection of Nupélia (Núcleo de Pesquisas em Ictiologia, Limnologia e Aquicultura), Universidade Estadual de Maringá (UEM), Maringá, PR under the collection number NUP14992.
Chromosome preparations were obtained from kidney cells according to the technique described by Bertollo et al. (1978) . The nucleolar organizer regions (Ag-NORs) were detected by impregnation with silver nitrate (AgNO 3 ), as described in Howell and Black (1980) . AT and GC-specific fluorochromes were obtained by staining with chromomycin A 3 (CMA 3 ) and 4ꞌ-6-diamino-2-phenylindole (DAPI) according to Schweizer (1980) . The constitutive heterochromatin was identified by the C-band technique as described in Sumner (1972) and stained with propidium iodide according to the method of Lui et al. (2009) . The fluorescent in situ hybridization (FISH) was performed following the protocol described by Pinkel et al. (1986) , using 18S rDNA probes from Prochilodus argenteus (Hatanaka and Galetti Jr., 2004) labeled with a Biotin Nick Translation Kit and 5S rDNA probes from Leporinus elongatus (Martins and Galetti Jr., 1999) labeled with a Digoxigenin Nick Translation Kit.
The chromosomes were classified according to the arm ratio criteria (RB) proposed by Levan et al. (1964) .
RESULTS
Hypostomus cf. plecostomus showed 2n = 68 chromosomes, karyotype formula consisting of 14m + 24sm + 14st + 16a and fundamental number (FN) = 120 for males ( Figure  1A) , and 15m + 24sm + 14st + 15a and FN = 121 for females ( Figure 1B) . The difference between the sexes is due to the presence of an acrocentric pair (33) in males; in females, this pair is represented by a large metacentric and one acrocentric chromosome, featuring the sex chromosome system ZZ/ZW. Analysis of band C showed few and discrete blocks of constitutive heterochromatin in the centromeric regions of most chromosomes and the telomeric position of some chromosomes, especially the long block on the long arm of pair 27. Heterochromatic blocks were coincident with heteromorphic pairs of NORs (21 and 27) (Figure 2A and B) . Sex chromosomes showed no heterochromatic blocks that will differentiate them from other chromosomes.
Hypostomus cf. plecostomus presented a system of multiple NORs identified at the telomeric position on the long arm of pair 27 (a) and the short arm of pair 21 (st); the latter showed an NOR size heteromorphism between homologs (Figure 2A and B) . The AgNORs and CMA 3 sites were positive ( Figure 3A ) and negative for DAPI (Figure3B). The mapping of the18S rDNA sites by FISH was confirmed through a system involving multiple NOR chromosome pairs 21 and 27, where as the 5S rDNA sites were detected in eight chromosomes. Furthermore, one chromosome (from the pair 27) showed synteny between 18S and 5S rDNA sites, which were marked at the end portion of the long arm and the short arm, respectively ( Figure 3C ).
DISCUSSION
Cytogenetic data for Hypostomus plecostomus are scarce; there was only one record of the karyotype with 2n = 54 chromosomes (24m +12st+ 18a), which was described by Muramoto et al. (1968) . However, recent data show that chromosome diploid numbers in the genus Hypostomus range from 2n = 64 to 2n = 84 (Endo et al., 2012; Bueno et al., 2013) . The value 2n = 54, which was reported for H. plecostomus, has been questioned regarding the correct identification of the species (Bueno et al., 2013) .
Cytogenetic studies in species of Hypostomus from northern Brazil are still scarce. Thus karyotypes 2n = 64, 65, and 66 have been recorded for three unidentified species (Hypostomus sp, "Group H. plecostomus") from the Xingu River (PA) (Milhomem et al., 2010 ) and 2n = 64 for H. faveolous from the Araguaia River (Bueno et al., 2013) , and 2n = 72 for H. goyazensis (Alves et al., 2005) . Diploid values 2n = 68 detected in H . cf. plecostomus (this study) were also recorded in specimens collected from rivers or streams from different states in the Southeast region of Brazil from populations of H. ancistroides (Artoni and Bertollo, 1996; Michele et al., 1977; Alves et al., 2006; Endo et al., 2012; Bueno et al., 2013) , H. macrops (Michele et al., 1977) and Hypostomus sp (Martinez et al., 2011) , among others. Based on molecular data, Montoya-Burgos (2003) recognized four monophyletic groups within Hypostomus, among which his D2 group includes species of H. affinis, H. ancistroides, H. boulengeri, H. commersoni, H. punctatus, and H. watwata . Among these species, 2n = 66 was reported for H. affinis and 2n = 68 for H. ancistroides, H. commersoni, and H. plecostomus. Therefore, the diploid number of 2n = 66 to 2n = 68 is a base number for this group. Artoni and Bertollo (2001) suggested that 2n = 54 chromosomes is plesiomorphic for loricariids. The diploid number in Hypostomus was reported to vary between 2n = 54 chromosomes in H. plecostomus (Muramoto et al., 1968) and 2n = 84 chromosomes in Hypostomus sp. 2 (Cereali et al., 2008) . However, Artoni and Bertollo (2001) considered that the species with high diploid number are probably more derived than those with 2n = 54 and that high diploid number was the result of chromosomal rearrangements as centric fissions. Moreover, these authors suggested that there is an inverse relationship between the number and the FN, i.e. species with higher diploid numbers have higher number of subtelocentric/acrocentric chromosomes. Given this proposition, data from the present study for H. cf. plecostomus demonstrate the number intermediate between metacentric/submetacentric and subtelocentric/acrocentric chromosomes.
Sex chromosomes in the genus Hypostomus are relatively rare and the occurrence of systems with XX/XY in H. ancistroides and H. macrops (= Plecostomus ancistroides and P. macrops, respectively) (Michele et al., 1977) and Hypostomus soniae (Oliveira, 2013) and ZZ/ZW systems in Hypostomus sp. G (Artoni et al.,1998) , H . albopunctatus (Maurutto, 2010) , and H. cf. plecostomus suggest that the presence of sex chromosomes is a derived characteristic of this group.
The analysis of band C in Hypostomus sp G (Artoni et al., 1998) and H. albopunctatus (Maurutto, 2010) revealed that Z chromosome is differentiated from its complement by a heterochromatic interstitial band. Moreover, a heterochromatic band along almost entire length of chromosome W was observed only in H. albopunctatus. In most species of Neotropical fishes with sex chromosomes, addition and/or deletion of heterochromatin or chromosomal rearrangements such as pericentric inversions or Robertsonian translocations involving one of the homologous chromosomes have been suggested important mechanisms in the origin of simple sex chromosome systems (Almeida-Toledo et al., 2000) . Multiple sex chromosome systems are those where chromosomal rearrangements are cited as the fundamental mechanisms in the origin of the complex systems (Oliveira et al., 2007 ). In the case of H. cf. plecostomus, whose sex chromosomes ZZ/ZW showed no differentiation of the C band, the species probably originated from chromosomal rearrangements such as inversions and/or translocations, suggesting independent events in karyotypic diversification of the genus. The standard C band observed in H. cf. plecostomus with a few conspicuous blocks on the long arm of the chromosome as well as on the short arms of other chromosomes, was also found in other species of the genus, such as H. affinis (Kavalco et al., 2004) , H. nigromaculatus (Rubert et al., 2008) , and H. cochliodon (Cereali et al., 2008) . This corroborates the results of Artoni and Bertollo (1996) and Kavalco et al. (2004) , who reported that Hypostomus has relatively little constitutive heterochromatin. However, large blocks of heterochromatin have been observed in the terminal region of some chromosomes in this genus. The C-band heteromorphism has also been reported for the genus, and in H. cf. plecostomus, the observed heteromorphism in pair 27 (the largest acrocentric complement) was due to differences in the size of the heterochromatic block in the terminal region of the long arm, possibly as a result of amplification of the heterochromatin.
Single NOR is considered a basal characteristic in the family Loricariidae (Alves et al., 2006) ; however, Hypostomus shows variability in the number and position of NORs (Artoni and Bertollo, 2001) , with the system of multiple NORs at the terminal position, as found in the present study, being the most common characteristic. The AgNOR sites detected on the short arm and long arm pair 21 were coincident with the pair 27 FISH18S, with heterochromatic GC-rich blocks (CMA 3 +) content.
In Hypostomus, data on the physical location of 5S rDNA sites are still scarce, but variations in the number and position of these markings have been reported (Traldi et al., 2012) . H. iheringii was found to have only one pair of chromosomes marked by FISH 5S (Traldi et al., 2012) , H. regani had nine sites identified (Mendes-Neto et al., 2011) , and H. affinis (Kavalco et al., 2005) and H. cf. plecostomus had eight chromosomes carrying 5S rDNA. Moreover, synteny has been observed between the 18S and 5S rDNAs in fish species belonging to the basal groups of Loricariidae, which was considered a primitive state within the family (Ziemniczak et al., 2012) . For H. cf. plecostomus, the synteny was observed in only one of the homologs of the pair 27. The absence of fluorescent signals for the 5S rDNA probe on the homolog pair 27 may be related to their diminutive size, being imperceptible by the technique, or deletion, which was not detrimental to the species.
The data obtained for H. cf. plecostomus are an important chromosomal characterization providing information for future taxonomic studies of this complex "H. plecostomus group". The occurrence of a sex chromosome system in this species is a given reference for comparative and evolutionary studies in this group. Moreover, the presence of sex chromosome system in six species of Hypostomus, three collected in the Amazon basin (Hypostomus sp. G, H. cf. plecostomus, and H. soniae), suggests that the distribution of sex systems is an independent evolutionary event in relation to other species of the genus. However, proper understanding of the history of the karyotype evolution of Hypostomus requires more detailed cytogenetic studies in Amazonian species.
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